Primary diagnostics of urinary tract pathology can be reliably done on whole slide images. Further improvements of image resolution may help to increase diagnostic accuracy and whole slide images acceptance in routine pathology.
Introduction
Whole slide imaging technology allows automatic digitization of the entire glass slides, producing what is commonly referred to as digital slides or whole slides images (WSI). WSI are usually examined on a computer screen by the aid of image viewers enabling the examination and manipulation of the whole tissue section in a way comparable to a conventional microscope. Easy image annotation, accessibility, sharing as well as the possibility of capturing static images for documentation, insertion of comments, and subjection of automated image analysis are all additional features intimately bound to WSI making them superior to using glass slides and a conventional microscope for several applications within the pathology workflow. Simultaneous viewing of WSI by different examiners from different places makes WSI more suitable for education, teleconsultation, pathology panels and revision. WSI can be digitally archived and retrieved minimizing the time and effort needed for preparing slides for revision or conferences. Moreover, the possibility of linking WSI to a patient's complete medical record could increase the diagnostic accuracy and decrease the errors resulting from the lack of clinically relevant information. To this end, linking WSI and patients' information to a central storage will facilitate teleconsultation and telerevision resulting in enhancing patients' care. Despite all the advantages of digital pathology and WSI, unfortunately their use as a tool for primary diagnostics is still not widespread. One of the factors hindering WSI integration in routine pathology practice is that they have not yet been approved for primary diagnostics by the food and drug administration (FDA) in the USA and the scanners to acquire WSI have been classified as class III medical devices. This makes the approval process very time consuming and expensive for scanner vendors. One of the required steps will be to setup collaborations with multiple pathology laboratories for large scale multicenter validation studies aimed for systematic validation of WSI for primary diagnostic purposes.
Objectives
The aim of this study was to evaluate the feasibility of primary pathology diagnosis of urinary system specimens using WSI by comparing this to the performance when using a conventional microscopy. This study is a part of a larger study aimed for systematic validation of WSI for primary diagnostics in a number of different organ systems (1-4).
Materials and Methods
For this study 100 cases (50 from kidney and 50 cases from other parts of the urinary system) with a complete set of well focused WSI that had been conventionally diagnosed by two pathologists in 2008-2009 were selected. The same pathologists who did the initial diagnosis were asked to rediagnose their own cases on WSI to exclude inter-observer variation as much as possible. The time period between the primary microscopic diagnosis and re-diagnosis on WSI ranged from 6 months to one year to guarantee wash out. The participating pathologists had varying but at least 1 year experience in using WSI for secondary diagnostics (tumor boards, education, reviewing archived slides, etc.). WSI were per case presented to the pathologists together with the original clinical information, blinded to the original report. The selected cases consisted of 89 biopsies and 11 resections from kidney and other parts of the urinary system. Table 1 summarizes these cases in relation to their origin and the type of the specimen (biopsy or resection). Table 2 and 3 detail the diagnostic entities of cases included in this study. The original and WSI based diagnoses were compared by three independent pathologists to judge the concordance between the two diagnoses as before (1-4) as:
• Concordant; complete agreement between the first original signed out diagnosis and the diagnosis as drawn from the whole slide image • Slightly discrepant; mild differences which would not have any clinical or prognostic implications • Discrepant; differences with clinical and/or prognostic implications for the patient The better one of the two diagnoses (original or WSI based) was noted.
Results
For 87 out of 100 cases (87%, 95% CI 0.80-0.94), the light microscopy and the WSI based diagnosis were concordant. Of the other 13 cases, eight showed slight discordance between the digital and the light microscopic diagnoses without any clinical or prognostic implications for the patient, while in five cases the discrepancy could have an effect on patient treatment and prognosis. Re-assessment of the glass slides and the WSI for the discrepant cases by the three reviewing pathologists Tubulointerstitial and vascular 6 6
Tubulointerstitial, vascular and glomerular 1 1
Developmental anomaly 2 2
No specific abnormality revealed that in six cases the WSI diagnosis was preferred over light microscopy diagnosis while the original light microscopy based diagnosis was preferred in five cases. However, in two cases (one discrepant and one slightly discrepant) both diagnoses gave imperfect description to the problem. Table 4 details these discrepant cases.
In the subgroup of 50 biopsies and resections that originated from the kidney, the original microscopic diagnoses were concordant with WSI based diagnoses in 42 cases (84%, 95% CI: 0.73-0.95). In five cases, there were major discrepancies with possible clinical implications on the patient treatment and prognosis. Reassessment of the glass slides for these discrepant cases by the reviewing pathologists revealed that WSI based diagnoses were preferred in two discrepant cases and the original light microscopic diagnoses were preferred for two cases as well. For one discrepant case, both digital and light microscopic diagnoses gave imperfect description of the underlying pathology. In this case, tubulointerstitial rejection and suspicion of vascular rejection had been stated microscopically which was not confirmed digitally (case 1, Table 4 ). On revision by conventional microscopy, the presence of tubulointerstitial rejection was confirmed but evidence of vascular rejection was considered insufficient. For renal specimens, discrepancies were mostly related to over-or underestimation of rejection. In addition, there were about 3 other mildly discrepant cases where the difference between conventional microscopy and WSI would not have an effect on patient treatment and prognosis.
In the subgroup of 50 cases that originated from the other parts of urinary system, the WSI based diagnoses were concordant with the light microscopic diagnoses in 90% of the cases (95% CI: 0.81-0.99). All of these discrepancies were mild without further clinical implication. Reassessment of the glass slides by the reviewing pathologists, revealed that the WSI based diagnoses were preferred in two cases and the original light microscopic diagnoses were preferred again in two cases, whereas in one case both diagnoses were imperfect (case 9, Table  4 ). In this resection, invasion was proposed digitally but could not be confirmed microscopically. On revision, both diagnoses were considered to be imperfect and "invasion cannot be excluded" was concluded to be the best description of the lesion.
Discussion
The aim of this study was to test the feasibility of using WSI for primary diagnosis of tissue biopsies and resection specimens originating from the kidney and other parts of the urinary tract. One hundred cases received between 2008 and 2009 were retrospectively collected and blindly re-diagnosed by two pathologists on the bases of WSI after a wash-out period of at least six months. The re-diagnosis was done by the same pathologists who performed the initial diagnosis to avoid inter-observer variations due to e.g. difference in experience. The re-diagnoses were concordant with the original light microscopy diagnosis in 87% of cases (95% CI 0.80-0.94). There were mild discrepancies between the light microscopy and the WSI based diagnoses in 8% of the cases, without clinical or prognostic implications to the patients. However, in 5 cases (5%) the pathology reports obtained by the two diagnostic modalities were discrepant with potential impact on the patient's treatment. The concordance rate of 87% and the mild rate of discrepancies are within the range of previously observed inter-and intra-observer variability in microscopic pathology in general (5-7) and in renal pathology specifically (8) (9) (10) (11) (12) (13) , and is in line with previous similar studies by us in other organ systems (1-4) . Furthermore, in 6 out of 13 discrepancies the WSI diagnoses were deemed better. These results indicate that WSI may reliably be used for primary diagnostics of urinary system specimens. Despite the fact that several studies have emphasized the benefits of WSI in different pathology applications and also in primary diagnostics, integrating WSI in the routine workflow will probably not be achieved unless pathologists are convinced that the diagnostic performance on WSI is not inferior to a light microscopy based diagnoses based on glass slides (14) . This requires solid evidence obtained from well-designed validation studies genuinely reflecting the reliability of digital pathology. WSI based diagnostics offers a seamless and reliable medium for revising cases and providing pathology diagnostic services especially to remote hospitals lacking an on-site pathologist. This fact has been illustrated in a study of Furness et al. where the adequacy of WSI as a medium for internet-based telepathology was evaluated by multiple examiners in the context of The National Renal Pathology External Quality Assurance scheme in the UK (15) . Their results have shown no significant difference between the diagnostic accuracy of the pathology reports derived from WSI and conventional microscopy; this could endorse the frequent use of this technology in the quality assurance programs.
The results in the present study are comparable to other studies that evaluated the validity of WSI for primary diagnostics of renal specimens. In a study by Ozluk et al., three pathologists scored 11 pathologic criteria derived from the Banff classification of renal transplant in 40 renal biopsies and eventually constructed the final conclusion of acute rejection or transplant glomerulopathy. Each biopsy was examined by each observer independently on four occasions; twice microscopically and twice on WSI with at least 3 weeks time in between each diagnostic modality. Their results revealed good intraobserver reproducibility of Banff scoring system using WSI as well as glass slides. Moreover, there was no significant difference in evaluating acute rejection using both diagnostic methods. Glomerulopathy scoring was the most reproducible feature with almost similar accuracy between glass slides and WSI (16) . The drawback of this study is the multiple readings within a relatively short time, as the pathologists might have remembered the diagnosis in some of the cases.
Jen et al. investigated the validity of WSI in evaluating renal allograft biopsies. Six pathologists assessed the presence of certain morphologic features and acute rejection in 25 renal biopsies using conventional microscope and WSI with at least a period of two weeks in between the two diagnostics. Their results showed substantial agreement between glass slides and WSI based diagnoses in assessing specific morphologic criteria and acute rejection. Moreover, the inter-observer agreement was shown to be comparable between the two diagnostic modalities (17) . The low number of cases included in that study and the short time between the examinations of the cases are however limitations of their study. The resolution of WSI scanned at 20x was perceived to be on the low side for rendering diagnostics of renal specimens. Evaluating the status of transplanted kidney and the possibility of transplant rejection requires careful assessment of fine morphologic features among which is the presence of inflammation, in particular tubulitis, fibrosis and subtle changes in glomeruli, blood vessels and tubules. This task was found to be slightly more difficult and time consuming on 20x WSI than in conventional microscopy. Moreover, with the digital readings in this study, clinical information provided on transplant biopsies was generally less extensive than with the original microscopic evaluation, and also feedback from multidisciplinary discussion was lacking, which all might have contributed to discrepancies in 5 cases when comparing digital with conventional readings. However, issues related to lower resolution scan are expected to be solved in the near future especially with the presence of high throughput scanners which are able to scan the whole slide at high resolution and in less than one minute. Rendering diagnosis on 20x WSI for biopsies and resections from the other parts of the urinary tract was considered to be relatively easier. This was reflected by the higher concordance rate of 90% and the mild discrepancies with minimal clinical impact on patient.
One of the limitations hindering the use of WSI for primary diagnostics of urinary system specimens is the time needed for image exploration. Examining WSI was perceived to take considerably more time than evaluation by conventional microscope (although no formal timing has been conducted). This has also been noted in the study of Jen et al. where exploring WSI cost 1.4 longer time than using glass slides and conventional microscope. Relative lack of routine, limited image resolution and suboptimal navigation tools might all have contributed to this difference. We expect that the impact of time factor will be reduced when a high resolution scan becomes a common standard in pathology and with the introduction of more user-friendly interfaces where exploring WSI can be done in simple intuitive way as using efficient tools for navigating through the image instead of the mouse (18) . Implementing WSI in primary diagnostics will enhance pathology practice especially for sub-specialties such as transplantation pathology. With the aid of WSI, problematic or difficult cases can be efficiently shared immediately with one or more experts within suitable time constrains sparing the time required for shipping glass slides to far places. Integrating WSI into a patient's medical report will allow the pathologists to work within an integral environment including the clinical information, pathology data besides the pathology specimens which will eventually permit comparing new and old patient's materials to evaluate the progress in the patient's condition. WSI can also be electronically archived and retrieved decreasing the time spent on searching for glass slides for consultation, conferences, teaching and research purposes. Furthermore WSI can be subjected to automated image analysis which is believed to improve the productivity and objectivity in daily diagnostics. The above mentioned features may encourage considering WSI as platform for primary diagnostics in pathology. Nevertheless, integrating WSI in routine practice may still require investing the efforts for step-wise conversion from conventional to digital practice.
Conclusion
Primary diagnostics of urinary tract specimens can be reliably done on whole slide images. However high resolution scans may be required especially in assessing the status of renal transplants. Thus further improvements of image resolution may help to increase diagnostic accuracy and WSI acceptance in routine pathology.
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